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Background: Low birth weight is strongly correlated with an increased risk of adult diseases. Additionally, low birth
weight might be a risk factor for asthma later in life.
Methods: A systematic literature search of the PubMed database from 1966 to November 2013 was conducted.
The criteria for inclusion of papers were as follows: case–control or cohort studies; the odds ratio (OR) or risk ratio
(RR) estimates with the corresponding 95% confidence intervals (CIs) were presented, or there were sufficient data for
calculation; and studies were published in English up to October 2013. Random-effect and fixed-effect meta-analyses,
meta-regression, and cumulative meta-analysis were conducted.
Results: Thirteen cohort studies and 1,105,703 subjects were included. The overall pooled RRs (95% CIs) of asthma risk
for low birth weight were 1.162 (fixed-effects model, 95% CI, 1.128–1.197) and 1.152 (random-effects model, 95% CI,
1.082–1.222). In stratified analyses, the effect of low birth weight on childhood asthma was strong, particularly in studies
conducted in Europe, those with a small sample size, and those published recently. A meta-regression analysis did not
find significant determinants.
Conclusions: This meta-analysis shows that low birth weight significantly increases the risk of childhood asthma.
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Asthma is a serious global health problem. Worldwide,
an estimated 300 million people are affected by asthma.
The global prevalence of asthma ranges from 1 to 21%
of the population in different countries [1]. The preva-
lence of asthma is increasing in most countries, espe-
cially among children [2]. This increase may be closely
associated with exposure to allergens (particularly pol-
lens, molds, dust, and pet dander), tobacco smoke, exer-
cise, air pollutants, and respiratory infections, but has
yet to be fully explained [3]. Furthermore, children with
low birth weight are prone to developing decreased
respiratory function and having an increased risk of
chronic respiratory symptoms during childhood [4]. Pre-
vious studies have shown that some prenatal or perinatal
adverse factors could be associated with the develop-
ment of asthma later in life [4-6].* Correspondence: drchenzm@163.com
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unless otherwise stated.The fetal origins of adult disease hypothesis proposes
that fetal adaptation to an adverse intrauterine environ-
ment could lead to permanent changes in individual
physiology and metabolism [7]. There is evidence that
lower birth weight is strongly correlated with an
increased risk of adult diseases, such as type 2 diabetes
mellitus, hypertension, and cardiovascular disease. Add-
itionally, impaired fetal growth is a risk factor for asthma
later in life [8], especially in children with a very low
birth weight [9]. However, previous studies on the rela-
tion between low birth weight and childhood asthma
have provided controversial results. To the best of our
knowledge, there are no previous systematic reviews that
have estimated the overall effect of low birth weight on
the risk of childhood asthma. Therefore, we conducted a
systematic review and a meta-analysis of the existing
evidence on the relation between low birth weight and
the risk of childhood asthma.This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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Search strategy and inclusion criteria
We performed a systematic literature search of the
PubMed database from 1966 to November 2013 using
the following search command: birth weight and
“asthma or wheezing or wheeze”. The abstracts identi-
fied by this search were screened to eliminate the ob-
viously irrelevant abstracts (such as reviews, systemic
reviews, and case reports). The criteria for paper
inclusion were as follows: (i) case–control or cohort
studies that focused on the association of low birth
weight with childhood asthma (less than 16 years old);
(ii) studies that presented the odds ratio (OR) or risk
ratio (RR) estimates with the corresponding 95%
confidence intervals (CIs), or sufficient data for calcu-
lation; (iii) normal birth weight as the reference
category; and (iv) studies published in English up to
October 2013. All publications providing sufficient
information regarding the relation between low birth
weight and childhood asthma were included, irrespective
of whether this issue was their primary or secondary ob-
jective. We excluded studies that used asthma-like symp-
toms or other manifestations of respiratory impairment
as an outcome, such as wheezing.
The outcome of interest was childhood asthma. The
definition of asthma was based on a physician’s diagno-
sis, or a history of asthma reported by their parents. Our
primary predictor variable was low birth weight, which
was defined as a birth weight of less than 2500 g. For
any study to be included in the present study, its out-
come and predictor definitions had to be consistent or
adaptable with our definitions. Both outcome and pre-
dictor variables were dichotomous.
Data extraction
Four investigators independently carried out data
extraction of the following items: authors, publication
year, study design, country, population age, diagnosis
of asthma, adjustment for confounding (family history,
air pollution, sex, gestation age, smoking, and caesar-
ean etc.), and effect size and corresponding estimates
with 95% CIs. Two reviewers completed the quality
assessment independently. A set of structured criteria
modified from previous studies (Newcastle–Ottawa
scale for cohort study) were used to complete the
quality assessment of publications. A higher score
indicates higher quality. In the case of disagreement of
extracted data, discrepancies were resolved by discus-
sion and achieved consensus.
Statistical analysis
We abstracted the multivariate-adjusted risk estimates
(OR or RR). The unadjusted risk estimates were calculated
using original data when the adjusted was unavailable.The CIs were transformed to a log scale and then the
standard error was calculated. A pooled summary relative
risk was calculated according to the fixed-effects model
and a random-effects model. Statistical heterogeneity was
assessed with the I-squared (I2) value, which represents
the percentage of total variation across different studies
due to heterogeneity rather than chance. I2 values of 25%,
50%, and 75% have been related to low, moderate, and
high heterogeneity, respectively [10]. A random-effects
model was applied when there was notable heterogen-
eity (I2 index ≥50%), and otherwise, the fixed-effects
model was used. Subgroup analyses were stratified by
geographic area and adjusted for the major confounder.
Meta-regression analysis was used to investigate the
potential sources of heterogeneity. Cumulative meta-
analysis in the order of publication year was conducted
to check homogeneity of the results. Publication bias
was assessed by using the funnel plot, the rank correl-
ation test, and the graphical test [11-13]. All statistical
analyses were carried out by STATA version 12.0 (Stata
Corp., College Station, TX).
Results
Characteristics of included studies
A description of the search process is shown in Figure 1.
Of the 692 papers found by the search, 13 cohort studies
met the inclusion criteria and were included [14-26].
Among these, only five studies provided the adjusted
effect estimates of low birth weight versus childhood
asthma [14-16,22,23]. Of the 13 cohort studies selected,
11 were published in 2000–2013, and two were published
in 1997 and 1998. The majority of the cohorts (n = 6)
were in Europe (Denmark, Finland, Germany, Sweden,
and the United Kingdom) [14,16,20,21,24,26]. Four co-
horts were studied in North America (US and Canada)
[19,22,23,25], one in Oceania (New Zealand) [17], one in
South America (Brazil) [15], and one in Asia (Taiwan)
[18]. Detailed characteristics of the studies that were
included are shown in Table 1.
Exposure, outcome, and effect measures
Eleven studies used the definition of low birth weight
compatible with our criteria (<2500 g). Birth weight in
the other two studies was less than 3000 g [16,18].
General variance-based methods using CIs were ap-
plied to combine the results according to birth weight.
The definition of asthma was based on a physician’s
diagnosis. Children with wheeze or wheezing were
excluded.
Two studies reported data for the effect of low birth
weight on the risk of future asthma as adjusted ORs
[14,16]. These studies used multivariate logistic
regression to obtain results. The other three studies
presented adjusted RRs. The rest of the eight studies
Figure 1 Flow diagram for the selection of studies: article search strategy results.
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lence was converted into crude RRs, and ORs and RRs
were treated as comparable measures of effect (RR).
The ranges of ORs and RRs varied from 0.9 to 2.6
(Table 1).Table 1 Characteristics of the studies included in the analysis
Study (reference) Country of study, n. Primary exposure measure
(birth weight, g)
Davidson [16] England, n = 248612 1000-2999 vs 3000-3999
Chatkin [15] Brazil, n = 981 < 2500 vs >2500
Nepomnyaschy [19] United States, n = 1803 < 2500 vs >2500
Fergusson [17] New Zealand, n = 798 < 2500 vs 2500-4000
Lu [18] Taiwan, n = 69979 < 3000 vs 3000-4000
Yuan [26] Denmark, n = 10190 < 2500 vs 2500-4499
Wjst [24] German, n = 2337 < 2500 vs >2500
Remes [21] Finland, n = 4141 ≤ 2490 vs 2500-4190
Yang [25] United States, n = 3933 < 2500 vs >2500
Rasanen [20] Finland, n = 4502 < 2500 vs >2500
To [23] Canada, n = 671402 < 2500 vs 2500-4500
Sin [22] Canada, n = 83595 < 2500 vs 2500-4500
Bjerg [14] Sweden, n = 3430 < 2500 vs >2500Categorical meta-analysis for low birth weight and
childhood asthma
Five of the 13 estimates were directly from the original
studies, and eight were transformed from the informa-
tion available to comply with our categorization used inEffect size (95% CI) Age at follow up (y) Quality score Adjusted
OR 1.2 (1.1-1.3) 2-10 8.0 Yes
RR 1.32 (0.8-1.96) 4-5 5.5 Yes
RR 1.57 (1.23-1.99) < 3 6.0 No
RR 0.97 (0.6-1.58) 16 5.5 No
RR 1.17 (1.09-1.27) 13-15 7.0 No
RR 0.9 (0.43-1.89) < 12 6.5 No
RR 1.47 (0.64-3.36) 5-14 5.0 No
RR 1.31 (0.85-2) 16 7.0 No
RR 1.25 (0.73-2.15) 6-7 6.5 No
RR 0.97 (0.71-1.31) 16 6.0 No
RR 1.18 (1.13-1.22) 6 8.5 Yes
RR 1 (0.9-1.11) 10 7.5 Yes
OR 2.6 (1.2-5.4) 7-8 6.0 Yes
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which provide study-specific and pooled RRs (95% CIs),
of development of asthma for low birth weight. When
compared with normal birth weight, the pooled RRs
from the fixed-effects and random-effects models were
1.162 (95% CI, 1.128–1.197) and 1.152 (95%, 1.082–
1.222) for low birth weight (I2 = 40.2%, P = 0.066), re-
spectively. Both models showed similar summary effect
estimates, indicating a significantly increased risk of
asthma in relation to low birth weight. Table 2 shows
the pooled RRs (95% CIs) among different subgroups
stratified by five main characteristics of the studies. The
subgroup analyses showed an even greater effect esti-
mate in the six studies conducted in Europe compared
with other geographic areas. Additionally, subgroup ana-
lyses showed a greater effect estimate in the eight studies
with a small sample size (<5000 subjects) compared with
those with a larger sample size, and a greater effect esti-
mate in the seven recently published studies compared
with those in the older six studies. The effect estimates
stratified by study population age and adjusted RRs were
similar to the overall pooled RRs.
Heterogeneity and cumulative meta-analysis
The I2 value representing the overall between-study het-
erogeneity was 40.2% (P = 0.066), which was moderate
and acceptable in the present meta-analysis. Clinical het-
erogeneity among subgroup studies is shown in Table 2.
Additionally, statistical heterogeneity for a greater effectFigure 2 Meta-analysis of the effect of low birth weight on childhoodestimate from subgroups stratified by geographic area,
population size, and publication year was low, varying
from 0% to 21.7%. A meta-regression model was used to
assess potential determinants of heterogeneity. Five fac-
tors (geographic area, population size, publication year,
adjusted RR, and study population age) showed no stat-
istical significance in either univariate analysis or the
multivariate model (P >0.05, Table 3).
Cumulative meta-analyses of all of the studies
showed that the estimates gradually became consist-
ent, and the corresponding CIs narrowed down in the
order of publication year (Figure 4). We also per-
formed sensitivity analysis, and the pooled results did
not appear to change.
Publication bias analysis
We assessed the potential publication bias by using a
funnel plot (Figure 5). The funnel plots did not show
any remarkable asymmetry. Additionally, Egger’s and
Begg’s tests showed no evident publication bias. P values
for the two tests were 0.653 and 0.951, respectively.
Discussion
In the present meta-analysis, 13 cohort studies and
1,105,703 subjects were included. By conducting a sys-
tematic review, we obtained an estimate that suggests
that low birth weight among children increases the risk
of future asthma. Children with low birth weight have
an approximately 16% higher risk of asthma comparedasthma, and forest plots stratified by geographic area.
Figure 3 Forest plot of the effect of low birth weight on childhood asthma stratified by adjusted and unadjusted RRs.
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lyses, the effect of low birth weight on childhood asthma
was strong, particularly in studies conducted in Europe,
those with a small sample size, and those published re-
cently. When the moderate heterogeneity was taken intoTable 2 Pooled and subgroup analyses
Stratification Numberof study Fixed-effects model (RR, 95% C
Overall 13 1.162 (1.128-1.197)
Geographic area
Europe 6 1.18 (1.09-1.27)
North America 4 1.16 (1.12-1.20)
Other 3 1.17 (1.08-1.25)
Study population size
< 5000 8 1.21 (1.03-1.39)
≥ 5000 5 1.16 (1.12-1.20)
Publication year
1997-2005 6 1.01 (0.91-1.10)
2006-2013 7 1.19 (1.15-1.22)
Adjusted RR
Yes 5 1.16 (1.12-1.20)
No 8 1.17 (1.09-1.25)
Study population age (year)
≤ 10 7 1.16 (1.13-1.20)
> 10 6 1.15 (1.07-1.23)account, meta-regression analysis did not show any
significant determinants.
Several limitations of this meta-analysis should be
considered. First, misclassification of exposure was a
potential source of bias in this systematic review,Model Heterogeneity statistics
I) Random-effects model (RR, 95% CI) I2 P value
1.152 (1.082-1.222) 40.2% 0.066
1.18 (1.09-1.27) 0% 0.450
1.17 (1.00-1.34) 78.9% 0.003
1.17 (1.08-1.25) 0%
1.23 (1.20-1.22) 21.7% 0.257
1.14 (1.07-1.21) 63.1% 0.029
1.01 (0.91-1.10) 0% 0.857
1.19 (1.15-1.23) 2.3% 0.408
1.14 (1.04-1.25) 67.9% 0.014
1.17 (1.06-1.28) 7.8% 0.370
1.17 (1.06-1.28) 64.5% 0.010
1.15 (1.07-1.23) 0% 0.692
Table 3 Meta-regression analysis of the determinants of heterogeneity between study-specific effect estimates
Determinants Univariate analyses
Regression coefficient 95% CI P value
Geographic area -0.012 -0.155-0.131 0.853
Study population size -0.00003 -0.0005-0.0004 0.874
Publication year 0.01 -0.011-0.031 0.330
Adjusted RR 0.035 -0.172-0.242 0.714
Study population age -0.082 -0.308-0.144 0.440
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tions of low and normal birth weight. The acceptance
of low birth weight, including less than 2500 g or
3000 g, varied for different cohorts. Second, when the
adjusted estimates were unavailable, the calculated esti-
mates without adjustment were likely to have potential
confounding. Third, restriction of analysis to articles pub-
lished in English is another potential limitation. Further-
more, the effect of low birth weight on childhood asthma
in the identified studies was not the primary objective,
possibly leading to missing relevant data that was not
evident in the title or abstract.
Asthma is a serious global health problem, and its
prevalence is increasing in most countries, especially
among children [2]. Meta-analyses have shown that
some adverse environmental factors could be associated
with the development of asthma later in life. Exposure
to wood dust, and prenatal or early life antibiotic expos-
ure increase the risk of developing childhood asthma
[5,27]. Prenatal or early life probiotic administration
reduces the risk of atopic sensitization in children, but
may not reduce the risk of asthma [28]. Preterm infantsFigure 4 Cumulative meta-analysis. Each study was put into the pooledhave an increased risk of asthma compared with term
neonates [29]. Moreover, children with a high birth
weight or body weight later are at increased risk for
future asthma [6]. The underlying biological mecha-
nisms of this increased risk might include diet, gastro-
oesophageal reflux, mechanical effects of obesity, atopy,
and hormonal influences [6]. In addition to high birth
weight, our meta-analysis further indicated that low birth
weight was strongly correlated with the risk of childhood
asthma.
Based on the present findings, low birth weight ap-
pears to be a significant risk factor for childhood asthma.
If low birth weight can be considered as a modifiable
risk factor, prevention of low birth weight could be asso-
ciated with a decrease in the incidence of asthma. The
purpose of this study was to evaluate the effect of low
birth weight on the development of asthma later in life.
In the present meta-analysis, we found that children
with low birth weight had an approximately 16% higher
risk of asthma. However, this association may be compli-
cated by the fact that birth weight is not the only con-
tributor to development of asthma. The effect of lowanalysis one by one according to the publication year.
Figure 5 Funnel plot of the effect estimates (log RR) by their SE (standard error of log RR). The vertical line indicates the summary effect
estimate and the corresponding pseudo 95% confidence limits converging as a function of the SE of the effect estimate.
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compared with other risk factors, such as a family
history of asthma and air pollution [3,30].
The potential mechanisms of the association between
low birth weight and an increased risk of childhood
asthma are not fully understood. There is a wealth of
epidemiological evidence that lower birth weight is
strongly correlated with an increased risk of adult
diseases, such as hypertension, type 2 diabetes mellitus,
and cardiovascular disease [7,31]. This phenomenon of
fetal origins of adult disease is strongly associated with
fetal insults to epigenetic modifications of genes
[7,32,33]. Therefore, we speculate that epigenetic regula-
tion may be involved in this mechanism of an increased
risk of childhood asthma followed by low birth weight.
Children with low birth weight could have varying de-
grees of problems with lung development, which would
cause a greater sensitivity of an individual to external
environmental stimuli and result in an increased risk of
asthma. Additionally, children with low birth weight
may be more likely to experience exposure to antibiotics,
which has been previously shown to increase the risk of
asthma [5].
In our analysis, significant differences were also ob-
served across subgroups stratified by geographic area,
population size, and publication year. Although the over-
all between-study heterogeneity was moderate, clinical
heterogeneity among subgroup studies was low, indicat-
ing a greater effect estimate stratified by subgroup.
Furthermore, these stratified factors were not found to
be significant potential determinants in meta-regression.
As in every meta-analysis, the quality of the individualstudies may largely influence the review results. In the
present analysis, all of the included studies possessed a
high quality score. This heterogeneity in the present
meta-analysis was acceptable.
Conclusions
In summary, the weight of evidence shows that low birth
weight significantly increases the risk of childhood
asthma. The potential mechanisms underlying this asso-
ciation are not well understood. With regard to the rela-
tion between birth weight and asthma, special attention
should be paid to the effect of different birth weights in
children. Large-sample, well-designed, prospective co-
hort studies, should be performed in the future.
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